Objective: Eosinophilic Esophagitis (EoE) is a chronic inflammatory disease of the esophagus often associated with atopy. Most EoE patients are poly-sensitized to inhalant and food allergens. Sensitization to pan-allergens is also frequent but their role in EoE is unclear. The aim of the study was to investigate the role of sensitization toward pathogenesis-related proteins (PR) in patients with EoE, and its relationship with clinical and endoscopic features.
Introduction
Eosinophilic esophagitis (EoE) is a chronic inflammatory disease characterized by the presence of dysfunction symptoms and eosinophilic inflammation in the esophagus, without the involvement of other regions of the gastro-intestinal tract [1] . EoE is frequently associated with atopy (that is found in 50-80% of patients), although the causal relationship is not completely clear [2] . However, a pathogenic role of atopy was apparent in both epidemiological and experimental studies, with important diagnostic and therapeutic implications [3] . Most EoE patients, when tested by skin Skin Prick Test (SPT) and/or in vitro specific IgE assays show multiple positive results to foods and inhalant allergens, that defines the condition of poly-sensitization [4] . The presence of an IgE-mediated hypersensitivity to food antigens occurs in 15-43% of patients [5] , while a history of allergic rhinitis is found in 40-75% of cases. Associations with asthma and atopic dermatitis occur in 14-70% and 4-60% of patients, respectively [5, 6] . Despite these findings, the value of allergy testing to address dietary therapy is still under discussion [7] [8] [9] . Recently, molecular-based diagnostic methods have been introduced as a tool to define patient's sensitizations using recombinant allergenic proteins that can distinguish genuine, i.e. really sensitizing, allergens, from simply cross-reactive allergens in polysensitized patients [10] . Some authors reported that most EoE patients are sensitized to aeroallergens that cross-react with food allergens. In particular, sensitization to profilins and pathogenesis-related protein 10 (PR-10) is very common [11, 12] , but their significance is very different. In fact, profilins are ubiquitary allergens with an insignificant clinical role, while for PR-10 the relationship with symptoms is acknowledged. PR-10 belongs to a family of proteins with a high degree of structural homology, which are present in pollens, fruits, and vegetables [13] . These molecules, once digested by pepsin, are degraded in the stomach, but are intact when passing through the esophagus, where they can be recognized by the immune system. Van Rhijn et al. reported that sensitization to birch pollen (rBet v1) with cross reactivity to foods via PR-10 protein occurs in 39% of adult EoE patients [12] . On the basis of this feature and the fact that PR-10 proteins occur naturally in many common plant foods, they may play an important role in EoE. For these reasons, we investigated the difference in presentation of symptoms, and endoscopic and histologic findings as well, in a group of poly-sensitized patients suffering from EoE sensitized to PR-10 proteins, compared to non-sensitized subjects.
Methods
We retrospectively analyzed 31 poly-sensitized patients (21 males, 10 females; mean age 21.3 ± 11.4 years) suffering from EoE. The disease was diagnosed according to international recommendations in the presence of typical symptoms and/or endoscopic findings associated with persistent esophageal eosinophilia (>15 eosinophils/ high power field, HPF) despite full-dose proton pump inhibitor therapy [14] . In particular, dysphagia was defined by the indications of the World Gastroenterology Organisation Practice Guidelines [15] .
The reliability of the various symptoms of esophageal dysphagia was validated by the Mayo dysphagia questionnaire, that demostrated a good reproducibility, as assessed by kappa value, for heartburn, acid regurgitation, and food impaction, but not for odynophagia [16] . All biopsies were performed from four different sites of the esophagus by a single pathologist, who also reviewed the slides, considering for the analysis the highest eosinophils number. Endoscopies were performed by specialists from the Gastroenterology and digestive endoscopy Unit of the University Hospital of Parma. A positive history of allergic diseases was recorded with regard to rhinoconjunctivitis, asthma, atopic dermatitis, and food-related allergic symptoms prior to the diagnosis of EoE. Patients underwent SPT with standardized commercially available allergenic extracts (Alk Abellò, Madrid, Spain) for common aeroallergens and food allergens. Inhalant extracts included tree, grass, weed, and ragweed pollens; cat and dog epithelia, Dermatophagoides farinae, Dermatophagoides pteronyssinus, and mold spores (Alternaria, Cladosporium). Food allergens include egg, cow's milk, soybean, peanut, walnut, wheat, shrimp, fish, tomato, rice, peach, apple, and others based on clinical history. Histamine (10 mg/ ml) and normal saline were used as positive and negative controls, respectively. Subsequently, according to the results, molecular-based diagnostic methods were used to distinguish primary and crossreactive food allergen sensitizations by testing for serum-specific IgE antibodies with ImmunoCAP or, in some cases, ImmunoCAP-ISAC (Thermo Fischer Scientific, Sweden). The peripheral blood eosinophil count was also determined. The results were analyzed in order to investigate the difference in presentation of symptoms, and in endoscopic and histologic findings, in EoE patients sensitized to PR-10 proteins compared to non-sensitized subjects.
Statistical analysis
Statistical analysis was performed using the SAS computer program. Comparison of the variables was performed with the Chi square test, or Fisher's exact test (if cells with small values). The T-test was used for continuous variables. We used a regression analysis for testing the difference between the two groups, after adjusting for age and sex. P values less than 0.05 were regarded as statistically significant.
Results
The mean duration of symptoms prior to inclusion of patients in the study was 10.2 months. All patients underwent treatment with proton pump inhibitors for at least two months before inclusion, but no patient had received previous specific treatment for EoE. All patients were poly-sensitized to inhalant or food allergens and 80.1% had a previous history of allergic diseases (Table 1 ). Most common symptoms were dysphagia (58%), food impaction (48%), and heartburn (39%), dyspepsia (25%), and nausea and vomiting (13%); 71% of patients showed more than one symptom. Endoscopic findings included mucosal fragility and erosion, white plaques or exudates, rings or trachealization, and linear furrows as well as normal appearance. The average count of esophageal eosinophils per HPF was 25.9 ± 11.2. All biopsies were negative for eosinophilic infiltration. The majority (29 individuals, 93.5%) of patients was sensitized to aeroallergens, and 24 patients (77.4%) showed positive results for at least one food allergen. Twelve patients (39%) were sensitized to birch pollen (rBet v1) and showed food cross-reactivity to PR-10 proteins from apple (5/12), peach (3/12), peanut (6/12), kiwi (2/12), soybean (5/12), celery (2/12), and hazelnut (2/12). Fifteen patients (48%) were sensitized to profilins and three to lipid transfer proteins (LTP). Primary food allergen sensitization was found in 11 patients (35%). Dysphagia was more frequent in patients sensitized to PR-10 proteins compared with nonsensitized subjects (83% versus 42%, p=0.032) while other presenting symptoms such as food impaction, heartburn, dyspepsia, or nausea and vomiting did not significantly differ between the two groups ( Table 2) . There was no significant difference between adult and pediatric patients in clinical features. Moreover, the mean esophageal eosinophils peak was significantly higher in PR-10-sensitized patients ( Table 3 ). These differences remained statistically significant after adjusting for age and sex. As far as endoscopic findings were concerned, no difference was found between the two groups ( Table 4 ).
Discussion
The role of atopy in EoE is still debated [1, 2] , because positive results to allergy testing do not necessarily indicate the clinical responsibility of the identified allergens, that may be simply related to asymptomatic sensitization [4] . Also, in a recent study on 30 EoE patients the treatment with the anti-IgE Omalizumab was not effective on symptoms or eosinophil counts in biopsy samples compared with placebo [17] . The patients with EoE we studied had a clinical presentation including the symptoms, such as heartburn, food impaction, and dyspepsia, that were validated by the Mayo dysphagia questionnaire [14] . Both inhalant and food allergens seem to play a role in the pathophysiology of EoE [18] , as demonstrated for aeroallergens in experimental animal models, while in humans it was suggested by the fact that eosinophil infiltration may be observed in esophageal tissue of patients with respiratory allergy during the symptomatic period [19, 20] . The important role of food allergens in EoE was shown by an improvement of symptoms and resolution of histological abnormalities after specific elimination diets [21] [22] [23] . Thus, in EoE, the role of a cross-reactive plant food allergen such as PR-10 proteins seems to be of great interest in promoting eosinophilic inflammation in the esophagus of sensitized patients, not only as an "aeroallergen trigger" but also by activating a Th2 response of the immune system after contact with the esophageal mucosa. PR-10 proteins, due to their important biologic role in stress signaling [24] , are largely present in vegetables and act in humans as major allergens [13] . In our patients, who were all allergic and poly-sensitized to inhalant and food allergens, the sensitization toward PR-10 proteins was associated with EoE. Of interest, the occurrence of validated symptoms such as heartburn and food impaction was more frequent (though not reaching statistical significance) in patients sensitized to PR-10 ( Table 2 ). In particular, the presence of PR-10 sensitization was significantly associated with the presence of dysphagia at the onset of the disease, and with a more severe esophageal eosinophilia. It seems reasonable to assume that the persistent contact with the allergen induces in the esophagus an allergic inflammation similar to that occurring for example in the nasal mucosa of patients allergic to birch pollen, the major allergen of which is a PR-10, but this should be investigated by specific studies. Dietary treatment has been demonstrated to be effective in patients with EoE and concomitant food allergy, but while the clinical and histological response is high with an elemental diet or six foods elimination diet (SFED) [21-23], the efficacy of a selective elimination diet based on skin testing is satisfactory in children but low in adult patients [8, 25] . According to our results, a possible sensitization to PR-10 proteins is worthy of verification with molecular-based allergy diagnostics in order to test the result of an appropriate elimination diet excluding all the foods containing PR-10. Molecular-based allergy diagnostics has the unique ability to allow for risk assessment in patients with food allergies [10] . It is known that foods contain allergenic molecules that can be either stable or labile to heat and digestion. While labile allergens are associated with local reactions (typically oral symptoms), and the cooked food containing such allergens is often tolerated, stable allergens can cause severe systemic reactions. Thus, the management of patients can be improved by precise knowledge of a sensitization profile, allowing the implementation of a proper elimination diet. The immune mechanisms to explain why not all EoE patients sensitized to PR-10 show other IgE-mediated symptoms, such as oral allergy syndrome, remain unclear. A previous study demonstrated that patients with eosinophilic gastrointestinal disease have a predominance of IL-5-positive Th2 cells to peanut antigens, as compared with patients with peanut anaphylaxis who have predominantly IL-5-negative Th2 cells [26] . The role of avoidance of culprit foods in the management of food allergy is well defined [27] , but further studies are necessary to define the mechanisms that underlie distinct immunologic reactions to foods. On the basis of current evidence, clinical differences between anaphylactic food allergy and eosinophil-associated gastrointestinal disorders seem to be related to different Th2 responses to foods. In particular, studies addressing the clinical and immunological effects of a diet free from PR-10-containing foods will allow the role of this important group of allergens in EoE to be verified.
